Abstract OBJECTIVE: The aim of the study was to determine the risk factors for descending aortic aneurysmal changes following surgery for acute DeBakey type I aortic dissection.
INTRODUCTION
Aneurysmal changes in the descending thoracic aorta after surgery for acute DeBakey type I aortic dissection are among the most serious late complications [1] . In an effort to reduce these complications, several groups have advocated a more extensive surgical strategy involving total arch replacement combined with a stentgraft insertion to the descending thoracic aorta, the so-called 'frozen elephant trunk technique', rather than confining the surgery to ascending and proximal arch regardless of the location of the intimal tear or the extent of aortic dissection [2, 3] . However, concerns exist regarding this aggressive surgical approach in that (i) as not all patients experience a descending aortic aneurysm in the late period, routine adoption of the frozen elephant technique will be an unnecessary procedure for many patients, and (ii) extensive surgery, compared with the conservative approach confined within the ascending aorta and the proximal arch, may result in increased morbidity and mortality in the early period [4, 5] .
In these regards, the selection of patients at risk for late aortic aneurysm formation may reveal those who would most benefit from an aggressive surgical approach. To date, however, the factors associated with descending aorta aneurysmal changes following surgery for acute DeBakey type I aortic dissection have not been determined. We therefore evaluated the preoperative and intraoperative factors associated with descending aorta aneurysmal changes following surgery for acute DeBakey type I aortic dissection.
METHODS

Patients
From March 2000 to May 2010, 187 patients with acute DeBakey type I or III-D (retro-A) aortic dissection underwent urgent surgery at our institution. All patients underwent CT within 48 h of symptom onset. Of the 167 patients who survived for >6 months, 129 were evaluated by computed tomography (CT) after 6 months. This study was approved by our institutional Ethics Committee/ Review Board, which waived the requirement for informed patient consent due to the retrospective design of this study.
Surgical procedure
Twenty-seven patients underwent total arch replacement, whereas 102 received hemiarch replacement in conjunction with ascending aorta replacement. The decision to perform total arch vs. hemiarch repair was dependent on individual patient's condition, intimal tearing site and/or diameter of the distal arch, but it was finally at the attending surgeon's discretion. Arterial cannulation was done through the femoral artery in 42, the right axillary artery in 47 and both the femoral and axillary arteries in 40 patients. Antegrade (n = 48) or retrograde (n = 81) cerebral perfusion was used for cerebral protection, and moderate (n = 47) or deep hypothermia (n = 145) was introduced during circulatory arrest according to the attending surgeon's preference.
Computed tomography imaging and study endpoint
CT scans were performed with a variety of scanners, with and without contrast enhancement. Axial images were obtained in contiguous 2.5 to 10-mm thick sections from the aortic arch branching vessels to below the iliac bifurcation. The true and false lumen diameters were measured at the proximal descending ( just distal to the aortic arch), the mid descending (at the level of the pulmonary artery bifurcation) and the lower descending (at the centre of the left atrium) thoracic aorta and at the abdominal aorta (the level of origin of the renal artery). If the intimal flap appeared as two lines on CT images due to wavering, the mid portion between the two lines was defined as the position of the intimal flap.
The endpoint of this study was the time to the first detection of an aortic aneurysm in any segment, defined as a maximal aortic luminal diameter of >55 mm, on follow-up CT.
Statistics
Categorical variables are presented as frequencies and percentages, and continuous variables are presented as mean ± SD or median with range. The Kaplan-Meier method was used to estimate the survival, as well as the incidence of an aortic aneurysm and aortic reoperation over time. Stratified survival curves were plotted to explore unadjusted differences for variables of interest (log-rank test). Independent risk factors for aortic aneurysms were determined by multivariate analysis using a Cox proportional hazards model with the time to first detection of an aortic aneurysm and incorporating covariates significant (P < 0.1) on univariate analysis. Results were expressed as hazard ratios (HR) with 95% confidence intervals (CI). Differences in the aortic growth rate in each segment between patients who did and did not develop aortic aneurysms were compared using the MannWhitney U-test. All reported P-values are two-sided, and P < 0.05 was considered statistically significant. SPSS software version 14.0 (SPSS Inc., an IBM Company, Chicago, IL, USA) was used for statistical analysis.
RESULTS
Baseline characteristics
The baseline demographic and clinical characteristics of the study patients are given in Table 1 . Table 2 
Computed tomography follow-up results: aneurysmal changes in the descending aorta
During a median follow-up duration of 29.5 months (interquartile range 16.3-49.3 months), 23 patients showed aortic aneurysmal changes, with 12 having an aortic diameter of >60 mm (Table 3) .
Freedom from an aortic aneurysm at 5 years was 74.7 ± 6.1% (Fig. 1) . The most common site of aneurysmal changes was the proximal descending aorta, followed by the mid descending aorta. Univariate analysis showed that intimal tears in the aortic arch (vs. tears confined to the ascending aorta, P = 0.051) and the diameter of the proximal descending thoracic aorta (P = 0.004) were associated with late aortic aneurysmal changes. On multivariate analysis, however, the diameter of the proximal descending thoracic aorta was the only independent and significant predictor of late aortic aneurysmal changes (Table 4) .
Receiver operating characteristic curves to assess the ability of the initial size of the proximal descending thoracic aorta to predict late aortic aneurysmal changes yielded the area under the curve of 0.72 (95% CI, 0.60-0.84; P = 003). The greatest accuracy in the prediction of late aortic aneurysmal changes was obtained at the cut-off value of 40.95 mm, with 65.2% sensitivity and 78.3% specificity.
Using a cut-off value of 40 mm, the incidence of late aortic aneurysmal changes was higher in 38 patients with a diameter >40 mm than in 91 patients with a diameter ≤40 mm (Fig. 2) .
To evaluate the influence of early thrombosis status of the false lumen on the late aneurysm formation, we reviewed the early postoperative CT scanning (4-30 days) and the thrombosis status was categorized as (i) patent, (ii) partial thrombosis and (iii) complete thrombosis. Early CT scanning data were available for 112 patients (86.8%); of whom the false lumen was patent in 33, partially thrombosed in 54 and completely thrombosed in 25 patients. Completely thrombosed patients showed superior freedom from descending aorta aneurysms than those with 'incomplete thrombosis' or 'patent false lumen', but it was statistically not significant (P = 0.27, Fig. 3 ).
Aortic growth rate
The segmental aortic growth rate in patients with or without the late descending aortic aneurysm is summarized in Table 5 . The mean growth rate was significantly higher in the aneurysm group than that in the non-aneurysm group, and between-group differences were significant at all segments except for the abdominal aorta.
Aortic reoperation and survival
During a median clinical follow-up duration of 69.1 months (interquartile range 34.1-97.9 months), 19 patients died, including eight non-cardiovascular deaths (malignancy in five patients, community-acquired pneumonia in two patients and a preexisting neurologic disorder in one patient). During follow-up, nine patients underwent distal aortic reoperations, including replacement of the descending thoracic (n = 5), thoracoabdominal (n = 3) and abdominal (n = 1) aorta. Indications for reoperation were aneurysmal dilatation (>55-60 mm) in six patients, rapid dilatation of the aorta (>10 mm/year) without definite aneurysm formation in two patients and saccular pseudoaneurysm formation in one patient.
Using a cut-off value of 40 mm for the initial diameter of the proximal descending thoracic aorta, we found that the survival (P = 0.101) and aortic reoperation-free survival (P = 0.123) tended to be lower in patients with a greater aortic size (Fig. 4) .
DISCUSSION
We have shown here that a significant proportion of patients undergoing emergency surgery for acute DeBakey type I aortic dissection developed late aortic aneurysms in the descending aorta and that the diameter of the proximal descending aorta at initial presentation was predictive of late aneurysm formation.
Since aneurysmal dilatation of descending aorta following acute DeBakey type I aortic dissection is associated with significant late morbidity and mortality rates, efforts have been made to prevent these serious complications [1, 6] , including postoperative aggressive blood pressure management with antihypertensive medications, such as beta-blockers, calciumchannel blockers, angiotensin-converting enzyme inhibitors and angiotensin-receptor blockers. Operative strategies to reduce late aneurysm formation were also suggested by several groups. For instance, replacing the total arch rather than confining the surgery within the proximal arch or adding some adjunctive procedures such as the elephant trunk technique or frozen elephant trunk technique combined with total arch replacement were reported to improve outcomes [2, 3, [7] [8] [9] [10] .
To determine the predictive factors of late aneurysm formation following the acute phase of type I or III aortic dissection, Song et al. [11] evaluated 100 patients (51 type I and 49 type III) with contrast-enhanced CT for 31 ± 27 months. In their report, Marfan syndrome and initial false lumen diameter at the upper descending thoracic aorta were predictive of late aneurysmal changes of descending aorta. A cut-off value of 22 mm for the initial false lumen diameter at that segment was found to have a sensitivity of 100% and a specificity of 76% for predicting late aneurysm formation. These findings indicated that early surgical or percutaneous intervention for patients with an initial false lumen diameter >22 mm may prevent aortic dilatation. In contrast to these results, we found that the false lumen diameter of the proximal descending aorta was not predictive of late aortic dilatation (P = 0.32 on univariate analysis), whereas the entire luminal diameter of the proximal descending aorta was the only significant and independent predictor of an aortic aneurysm.
When we assess the effects of procedural factors on late aneurysm formation, we found that total arch replacement itself did not decrease the incidence of aortic aneurysms (P = 0.47 on univariate analysis). Our results, however, suggest that the frozen elephant trunk technique combined with total arch replacement may prevent distal aortic aneurysms because the proximal descending aorta, the most common site of aneurysm formation, can be covered by a stent graft [2, 3, [7] [8] [9] 12] .
To utilize this extensive surgical strategy, a hurdle should be overcome since total arch replacement, compared with ascending aorta and hemiarch replacement, may increase procedural mortality and neurological morbidity in the surgical management of acute DeBakey type I aortic dissection [4, 5, 13, 14] . Exceptions were reported by several groups that, in spite of more extensive nature of the procedure, total arch replacement can be achieved with excellent early and late outcomes [15] . Therefore, we believe that the frozen elephant trunk technique should be performed in selected centres with a high volume of experiences and excellent early results so that benefits of aneurysm prevention can be maximized by that technique. Another concern on the frozen elephant technique in the setting of acute type I aortic dissection is that data available in the literature are limited to only early or mid-term outcomes based on the observational studies and that no adequate comparative evaluations have been made comparing them with conservative conventional surgical strategies. Stent-related complications such as stent migration, endoleaks and aortic injuries have been reported, which can result in aortic aneurysm expansion or rupture and, consequently, may offset the potential benefits of a stent-graft insertion [16, 17] . In these regards, the conventional elephant trunk technique that makes second surgery of the descending aorta replacement easier to perform may be an alternative option to improve long-term outcomes [10, [18] [19] [20] [21] .
Halstead et al. [22] evaluated the segmental growth rates of the residual descending aorta after repair of acute type A aortic dissection in 89 patients (mean age 60 years). The aortic growth rates were 0.8, 1.0 and 0.8 mm/year in aortic arch, descending thoracic aorta and abdominal aorta, respectively; and the initial size of >4 cm and a patent false lumen were predictive of greater growth in the descending aorta. The risks of death and distal aorta reoperation were 33.8 and 16% at 10 years, respectively, indicating reasonably favourable overall prognosis.
Several groups tried to assess the influence of residual false lumen thrombosis on long-term outcomes after surgery for acute DeBakey type I aortic dissection [23, 24] . For instance, Kimura et al. [23] reported that the distal aortic growth rate in the patent group was significantly greater than that in the thrombosed group. However, there were no significant differences in aortic reoperation or survival between the two groups of patients. Song et al. [24] conducted a more detailed analysis on the effects of thrombosis status on the distal aorta in the same clinical setting. In their review of 118 patients, the authors categorized the early postoperative false lumen status into three groups: patent, partially thrombosed and completely thrombosed; and partial thrombosis of the residual aorta predicted a greater growth in the distal aorta, a greater risk of aorta-related re-procedures and a poor survival.
In the present study, the completely thrombosed group tended to exhibit superior freedom from an aortic aneurysm compared with partially thrombosed or patent groups but without statistical significance (Fig. 3) . Furthermore, the thrombosis status predicted neither late survival (P = 0.76) nor aortic reoperation (P = 0.93) unlike the reports from Song et al. These discordant results urge further studies to elucidate the influence of residual false lumen status on long-term outcomes. 
APPENDIX. CONFERENCE DISCUSSION
Dr H. Treede (Hamburg, Germany): In your very thorough overview of the development of descending aortic aneurysm formation after acute DeBakey type I dissection, you found the diameter of the descending aorta at the time of operation as the only significant risk factor for the development of such formation, and a 4 cm value was found to be a value that should probably change the operative strategy. This does not really come as a surprise, that's clear, but now that we have found and proven this in a large number of patients, did you change your operative strategy? Does every patient with a diameter >4 cm now get a frozen elephant trunk operation in your centre?
My other question is, what is the influence of inherited diseases? The number of Marfan patients in your series has been very low, so probably this did not influence your experience, but it may be of importance in other series of patients in whom there may be a higher incidence of inherited diseases.
Dr Kim: We have not so far adopted a frozen elephant trunk technique for type I aortic dissection. The results of this study came out very recently, in the early part of this year, so we have not yet performed the surgery according to the study results, but I think it will be valuable to do that based on the proximal descending thoracic aortic diameter.
Regarding your second question, there were fewer than 10 Marfan patients in our data, so we could not generate sufficient power to statistically show the influence of Marfan syndrome on late aneurysm formation. I would totally agree that there will be more distal aortic aneurysm in Marfan syndrome patients, but we could not show that here because of the small number of patients.
Dr B. Koul (Lund, Sweden): We know from type B acute dissection patients that the size of the tear in the proximal descending aorta determines the diameter of the descending aorta. Can you comment on your patients who had aneurysm formation and had a minimum 41 mm diameter in the proximal descending aorta. Did they have any re-entry or entry in that part of the aorta or was the dilatation independent of the entry and re-entry site?
Dr. Kim: We tried to analyze the influence of intimal tearing and the exclusion of the tearing site on late aneurysm formation, but we did not find any significant correlation in this study. But when we briefly overviewed our data, the patients who failed to be excluded for intimal tearing represented less than 5-10% of patients. That might be a weakness of our study to show the influence of the intimal tearing site on late aneurysm formation. We tried to find out the re-entry site of the false lumen on preoperative CT scanning, but it was very difficult to precisely locate this in every patient, so I think it's another limitation of performing this kind of study.
